The significance of the 'kink* occurring in the early portion of the forced expiratory spirogram of some patients with obstructed airflow was investigated in 153 patients with chronic obstructive pulmonary disease or asthma The kink, which is presumably due to airway collapse, is facilitated by the presence of emphysema, which results in loss of elastic recoil, a positive pleural pressure, high bronchiolar resistance, and structural weakness in the walls of the major airways. A significant reduction of carbon-monoxide diiusing capacity was used as the inhe presence of emphysema in patients with Tchronic airway obstruction is diagnosed by radiographic or pulmonary function studies. The abnormalities of pulmonary function indicating the presence of emphysema include reduction of carbon monoxide diffusing capacity ( DL) ,'" a decrease in elastic lung recoil with increased lung complia n~e ,~~~~~ an increase of total lung capacity (TLC), and an increase in the ratio of residual volume (RV) to TLC.' It has been demonstrated that an increase of TLC or of the RVITLC ratio is not found exclusively in emphysema but may also be present in other conditions, such as chronic bronchitis and bronchial asthma.' Loss of elastic lung recoil with increased lung compliance appears to be a fairly reliable finding in emphysema a10ne;~ however, these measurements involve relatively sophisticated techniques with moderate discomfort to the patient and are, therefore, not widely employed. The DL is more routinely determined and is apparently a reliable measurement of pulmonary ernphy~ema.~.'~ This study was undertaken to ascertain whether the simple forced expiratory spirogram might also pro- vide a clue to the presence of emphysema. It has long been recognized that some patients with expiratory aidow obstruction have an acute angulation or "kink" in the early part of the forced expiratory spirogram produced by an initial rapid-flow segment followed by a sudden decrease in flow to a low, almost constant value throughout the rest of expiration." The significance of the kink has been previously evaluated, and a relationship to emphysema has been postulated but no definite correlation established. The purpose of this study was to investigate and clearly define this correlation.
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The pulmonary-function data of 153 patients with chronic obstructive pulmonary disease or asthma studied in the pulmonary-function laboratory of the Hospital of the Albert Einstein College of Medicine, Bronx, NY, were reviewed. Patients with associated restrictive ventilatory impairment or evidence of pulmonary fibrosis were excluded in this selection. Pulmonary function tests were performed by commonly accepted methods, using a 13-L Benedict-Roth water-Ned spirometer (Godart Pulmotest) and the helium-rebreathing method for spirographic and lung volume determination,lz and the breath-holding technique for determination of I X . 1 9
The forced expiratory spirogram was examined by one of the authors (H.S.) for the presence of an acute angulation or kink in its initial portion. Without any knowledge of the clinical diagnosis or pulmonary function data, patients were divided into two groups according to the presence ( group A ) or the absence ( group B ) of the kink. Representative spirograms are illustrated in Figure 1 percent of the mean; and, thus, a DL value of less than 70 percent of that predicted was considered to indicate significant emphysema. The frequency distribution of DL expressed as a percent of predicted was compared in groups A and B, and the incidence of significant emphysema in the two groups was evaluated by the chi-square test. The predicted DL was obtained from the following two regression equations previously derived in this laboratory:
where height is given in centimeters and age in years.
In order to nullify the effects of varying airflow obstruction on the distribution of DL, patients were divided into groups with similar values for the mean forced expiratory flow during the middle half of the formd vital capacity (FEF,,-r s a ) , and the incidence of a kink in both groups A and B in each FEF,,-,,% range of 10 percent of the predicted value was recorded.
The results demonstrate that the spirographic kink occurred significantly more frequently in patients with impaired diffusion than in those with a normal (17) had a significantly reduced DL. The difference was found to be significant by chi-square analysis
When the distribution of FEF,,.,,% in groups A and B was considered, it became evident that the flow rates of the two groups exhibited a somewhat different distribution, group A having lower flow rates. The mean FEF,,.,,, was%18.4 percent of predicted in group A (with kink) and 35.5 percent of predicted in group B (no kink); however, The diffusing capacity as measured by both the single-breath and steady-state methods has been demonstrated to correlate highly with the extent of anatomic emphysema as measured by postmortem examination: whole lung t~mography,'.~ and loss of elastic recoil.' It would seem reasonable, therefore, to use the DL as a reliable measurement of anatomic emphysema. Patients with pulmonary fibrosis, which might also reduce the DL, were excluded from this study.
Our results clearly demonstrate that most patients with obstructed a d o w whose spirograrns exhibited a kink had significantly impaired diffusion and presumably significant anatomic emphysema. Only 16 percent of group B patients (without kink) showed a DL of 12s than-70 percent of that predicted, whereas 80 percent (39) of those with a kink (group A ) had a significantly reduced DL. Conversely, considering all cases with a DL less than 70 percent of that predicted, 39 (70 percent) out of 56 cases had spirographic kinks, indicating that the sensitivity of the spirographic kink to significant emphysema was 70 percent. The specificity of the kink for significant emphysema was 90 percent, since 87 out of 97 nonemphysematous subjects did not exhibit the kink. It should, therefore, be acknowledged that 30 percent of the cases of emphysema can be missed by this more complicated physiologic tests, the presence or absence of the kink can serve as a useful preliminary indication as to the probability of existing significant emphysema.
It becomes apparent from analysis of the distribution of the DL and flow rates that there is a greater degree of obstruction in patients with a low DL. The possibility that the kink might correlate best with severe obstruction, rather than impaired d i k i o n , was eliminated by demonstrating that in any FEF,,.
75s subgroup between 10 percent and 40 percent of predicted, a majority of group B patients (without kink) showed normal diffusion, whereas most group A patients (with kink) had significantly impaired diffusion. This would seem to clearly indicate that the spirographic kink is not merely a reflection of severely impaired flow rates but rather is indicative --of low DL and, therefore, of emphysema. Dayman" studied the mechanics of airflow in health and emphysema. He described a patient with a clinical diagnosis of emphysema in whom forceful expiration resulted in a good initial rate of airflow, followed by a sudden decrease of rate resulting in an inflected spirogram. In order to explain these observations, an expiratory check-valve mechanism was postulated.I4 After a small effort-dependent portion the spirogram was characterized by orderly deceleration of flow which could not be increased by augmenting the threshold pressure. Dayman14 attributed the constant flow to a check-valve narrowing of the cartilagenous large airways and accounted for the constant deceleration of flow by a linear decrease in pulmonary tension paralleling decreasing lung volume, as documented by Hyatt and associates.15 In order to explain the inflected spirogram seen in the emphysematous patient, it was theorized that because of a loss of elastic lung recoil, driving alveolar pressure could be maintained only by a positive pleural pressure; however, this positive pleural pressure also acted to constrict bronchioles, which were more easily narrowed because of loss of elastic support. This resulted in early collapse of bronchioles and a sudden decrease in airflow.
GandeviaI6 studied the spirogram in patients with severe obstructive pulmonary disease. He observed that in some patients the forced expiratory spirogram showed an initial sharp deflection followed by an almost linear phase. This contour was obtained with forced effort but was often absent in the nonforced tracing or when an external resistance was added. Bronchographic examination revealed narrowing of major bronchi only in those patients with a spirographic kink; this was confirmed bronchoscopically. Gandevia16 postulated that the initial rapid phase was due to tracheal collapse.
The exact location of the flow-limiting segment is debatable; however, using bronchial catheterization, pressure-measurement techniques,'? and cinefluorography,18 the limitation of flow appears to be due to collapse of the trachea or major bronchi, as initially observed by Gandevia.16 In general, the degree of collapse was observed to vary inversely with the forced expiratory volume in one second. The factors in emphysema which predispose to airway collapse include structurally weak bronchilg on the one hand, and low elastic recoil and high bronchiolar resi~tance,~~ which result in low intraluminal bronchial pressure, on the other hand.
Tammeling and associates2' disagree that the inflected spirogram is indicative either of airway collapse or of any particular pathologic entity. They concluded that the kink was an artifact due to inertia of the spirometric bell and could be seen in any patient with obstructed airflow. The results of our study refute this conclusion in that those patients with a normal DL rarely demonstrated a spirographic kink, even though they might have severe obstruction. The point is that the deceleration of flow in emphysema is more rapid than in other conditions with comparable obstruction because of the unique combination of a decreased elastic lung recoil, a high bronchiolar resistance, excessive positive pleural pressure, and weakening in the structure of the walls of the trachea and major bronchi. Although any one of these conditions, if severe enough, could conceivably cause airway collapse and abrupt deceleration of flow, one seldom encounters a single defect of sufficient severity to kink the spirogram. Only in emphysema do all of the appropriate conditions coexist for kinking to occur with any great frequency. Thus, as demonstrated in this study, only those patients with both impaired DL and flow rates exhibited frequent spirographic evidence of airway compression. 
